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Objective: Chronic instability after lateral ankle sprain has
been shown to cause balance deficits during quiet standing.
Although static balance assessment in those with ankle insta-
bility has been thoroughly examined in the literature, few re-
searchers have studied performance on more dynamic tasks.
Our purpose was to determine if the Star Excursion Balance
Tests (SEBTSs), lower extremity reach tests, can detect deficits
in subjects with chronic ankle instability.

Design and Setting: We performed all testing in a university
athletic training facility. We tested lower extremity reach using
the SEBTS, which incorporates single-leg stance with maximal
reach of the contralateral leg.

Subjects: Twenty subjects with unilateral, chronic ankle in-
stability (age = 19.8 = 1.4 years, height = 176.8 = 4.5 cm,
mass = 82.9 + 21.2 kg) and 20 uninjured subjects matched by
sex, sport, and position (age = 20.2 * 1.4 years, height =
178.7 = 4.1 cm, mass = 82.7 + 19.9 kq).

Measurements: We measured the reach distances in cen-
timeters (cm) and averaged 3 reaches in each of the 8 di-
rections while the subjects stood on each leg for data anal-
ysis.

Results: The group with chronic ankle instability demonstrat-
ed significantly decreased reach while standing on the injured
limb compared with the matched limb of the uninjured group
(78.6 cm versus 82.8 cm). Additionally, subjects with chronic
ankle instability reached significantly less when standing on
their injured limbs as compared with their uninjured limbs (78.6
cm versus 81.2 cm).

Conclusions: The SEBTs appear to be an effective means
for determining reach deficits both between and within subjects
with unilateral chronic ankle instability.

Key Words: functional reach, dynamic balance, postural
control, ankle sprain

injuries in sport.1~5 The incidence of residual symptoms
and development of chronic ankle instability (CAl) af-
ter LAS have been reported to be between 31% and 40%.6-°
When LAS occurs, damage not only occurs to the structural
integrity of the ligaments but also to various mechanoreceptors
in the joint capsules, ligaments, and tendons about the ankle
complex.9-12 Collectively, these receptors offer feedback re-
garding joint pressure and tension, ultimately providing a
sense of joint movement and position.®12 Via afferent nerve
fibers, this information is integrated with the visual and ves-
tibular sensory systemsinto a complex control system that acts
to control posture and coordination.3 When afferent input is
altered after injury, appropriate corrective muscular contrac-
tions may be altered. Thus, damage to the mechanoreceptors
surrounding the ankle joint with an LAS may contribute to
functional impairments and chronic instability subseguent to
initial injury.2-12.14
Postural-control deficits during quiet standing after
acute LAS and in those with CAl have been frequently
reported®7-15-20; however, the sensitivity of these measures

I ateral ankle sprain (LAS) is among the most common

has been questioned.?* Balance is a motor skill of clinical rel-
evance, as balance deficits may result in multiple episodes of
recurrent LAS and diminished lower extremity function.22-24
In order to maintain postural control, the body is in a state of
continuous movement, adjusting to keep the center of gravity
over the base of support.13 Balance is maintained by strategies
at the hip, knee, and ankle and may be disturbed when joint
positions cannot be properly sensed or when corrective move-
ments are not executed in a coordinated fashion.2> Sensory
information obtained from the somatosensory, visual, and ves-
tibular systems is interpreted in the central nervous system,
and appropriate signals are relayed to the muscles of the trunk
and extremities in order to maintain postura stability.26:27
Maintenance of postural control aso requires factors such as
preprogrammed reactions, nerve-conduction velocity, joint
range of motion, and muscle strength.28

To evaluate proprioceptive and neuromuscular deficits after
lower extremity injury, postural control has typically been as-
sessed with variations of the Romberg test. Instrumented de-
vices such as forceplates have often been used to quantify
postural control during variations of quiet standing.2>28 A crit-
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Figure 1. A subject performing the posteromedial-reach compo-
nent of the Star Excursion Balance Tests.

icism of static balance testing is that these assessment tech-
nigques may not be sensitive enough to detect motor-control
deficits related to impaired functional activity and sport per-
formance.?? The task of maintaining posture during quiet
standing may not place adequate demands on the postural-
control system to detect deficits stemming from ankle-joint
injury. In addition, due to the space and cost requirements
associated with these instrumented devices, they are not af-
fordable or practical for many clinical settings. Thus, asimple,
reliable, and valid method of lower extremity functional per-
formance is needed.?® The Star Excursion Baance Tests
(SEBTs) may offer a smple, reliable, low-cost aternative to
more sophisticated instrumented methods that are currently
available.30-32 The SEBTSs are tests of dynamic stability that
may provide a more accurate assessment of lower extremity
function than tests involving only quiet standing.

The goa of the SEBTs is to reach as far as possible with
one leg in each of 8 prescribed directions while maintaining
balance on the contralateral leg (Figure 1). The stance leg re-
quires ankle-dorsiflexion, knee-flexion, and hip-flexion range
of motion and adequate strength, proprioception, and neuro-
muscular control to perform these reaching tasks. The SEBTs
are best described as functional tests that quantify lower ex-
tremity reach while challenging an individual’s limits of sta-
bility. The reliability of the SEBTSs has been investigated in 2
previous studies.31:32 While measures from the SEBTSs are re-
liable, the ability of this tool to detect impairments between
healthy and injured subjects has yet to be determined. There-
fore, our purpose was to determine if the SEBTs could detect
reach deficits in subjects with unilateral CAl.

METHODS

Subjects

Twenty subjects with unilateral CAIl (10 men, 10 women;,
age = 19.8 + 1.4 years; height = 176.8 = 4.5 cm; mass =
82.9 = 21.2 kg; leg length = 93.3 = 7.1 cm) and 20 uninjured
subjects (10 men, 10 women; age = 20.2 + 1.4 years, height
= 1787 £ 4.1 cm; mass = 82.7 * 19.9 kg; leg length =
95.5 + 5.2 cm) were recruited from the general athletic pop-
ulation at an NCAA Division IIl university. Chronic ankle
instability was operationally defined for this study as recurrent
episodes of ankle instability (“‘giving way'’), regardless of the
existence of neuromuscular deficits or pathologic laxity. Vol-
unteers were selected for the CAl group according to the fol-
lowing criteria: (1) at least one episode of an acute LAS but
none within the past 6 weeks, (2) multiple episodes of the
ankle giving way within the past 12 months, (3) free of ce-
rebral concussions, vestibular disorders, and lower extremity
injuries for 3 months before testing, (4) no ear infection, upper
respiratory infection, or head cold at the time of the study, and
(5) no prior balance training.

Volunteers were selected for the uninjured group according
to the following criteria: (1) no history of injury to either
ankle, (2) free of cerebral concussions, vestibular disorders,
and lower extremity injuries for 3 months before testing, (3)
no ear infection, upper respiratory infection, or head cold at
the time of the study, and (4) no prior balance training. Sub-
jects with CAl were matched with controls according to sex,
sport, and position.

All subjects read and signed an informed consent form ap-
proved by the university’s institutional review board, which
also approved the study. All subjects completed a medical his-
tory questionnaire concerning previous ankle injuries and the
other inclusion and exclusion criteria.

Procedure

The SEBTSs are functional tests that incorporate a single-leg
stance on one leg with maximum reach of the opposite leg.
The SEBTs are performed with the subject standing at the
center of a grid placed on the floor, with 8 lines extending at
45° increments from the center of the grid. The 8 lines posi-
tioned on the grid are labeled according to the direction of
excursion relative to the stance leg: anterolateral (AL), anterior
(A), anteromedia (AM), media (M), posteromedia (PM),
posterior (P), posterolateral (PL), and lateral (L) (Figure 2).
The grid was constructed in an athletic training facility using
a protractor and 3-in (7.62-cm)-wide adhesive tape and was
enclosed in a 182.9-cm by 182.9-cm square on the hard tile
floor.

A verbal and visual demonstration of the testing procedure
was given to each subject by the examiner (L.C.O.). Each
subject performed 6 practice trials in each of the 8 directions
for each leg to become familiar with the task, as recommended
by Hertel et al.32 After the practice trials, subjects rode a sta-
tionary bike for 5 minutes at a self-selected pace and then
stretched the quadriceps, hamstrings, and triceps surae muscle
groups before testing. To perform the SEBTS, the subject
maintained a single-leg stance while reaching with the contra-
lateral leg (reach leg) as far as possible along the appropriate
vector. The subject lightly touched the furthest point possible
on the line with the most distal part of the reach foot. The
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Figure 2. The 8 directions of the Star Excursion Balance Tests are based on the stance limb.

subject was instructed to touch the furthest point on the line
with the reach foot as lightly as possible in order to ensure
that stability was achieved through adequate neuromuscular
control of the stance leg. The subject then returned to a bilat-
era stance while maintaining equilibrium. The examiner man-
ually measured the distance from the center of the grid to the
touch point with a tape measure in centimeters. M easurements
were taken after each reach by the same examiner.

Three reaches in each direction were recorded. Subjects
were given 15 seconds of rest between reaches. The average
of the 3 reaches for each leg in each of the 8 directions was
calculated. Reach leg (right, left), order of excursions per-
formed (clockwise, counterclockwise), and direction of the
first excursion (A, M, L, P) were counterbalanced to control
for any learning or order effect. All trials were then performed
in sequential order in either the counterclockwise or clockwise
directions.

Trials were discarded and repeated if the subject (1) did not
touch the line with the reach foot while maintaining weight
bearing on the stance leg, (2) lifted the stance foot from the
center grid, (3) lost balance at any point in the trial, or (4) did
not maintain start and return positions for one full second. If
a subject was judged by the examiner to have touched down
with the reach foot in a manner that caused the reach leg to
considerably support the body, the trial was discarded and re-
peated. In other words, if the reach foot was used to widen
the base of support, the trial was not recorded. The base of
support was the stance foot for the entire trial with the fraction
of a second in which the reach foot very lightly touched the
ground. It was atypical for subjects to have discarded trials,
and none reported fatigue during or after the testing session.

Statistical Analysis

We used a2 X 2 X 8 repeated-measures analysis of vari-
ance for analysis. The between-subjects factor was group with
2 levels (CAL, control), while the within-subjects factors were
side with 2 levels (injured, uninjured) and direction with 8
levels (AL, A, AM, M, PM, B PL, L). Tukey post hoc tests
were performed to identify specific differences when signifi-
cant interactions and main effects were demonstrated. We used
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Figure 3. Significant differences (P < .05) were found between the
injured- and uninjured-limb reaches of the chronic ankle instability
(CAl) group (#) and the injured-limb reaches of the CAl and the
matched side of the control group (*).

the mean of the 3 reaches for each direction and leg for data
analysis. The apha level was set at P < .05 for all analyses.

RESULTS

We identified a significant side-by-group interaction
(Fizg = 3.99, P = .05) (Figure 3). Post hoc comparisons
revealed an overal decreased reach in the CAl group while
balancing on the injured side compared with the matched side
of the uninjured group (78.6 cm versus 82.8 cm) and when
compared with their own uninjured side (78.6 cm versus 81.2
cm). The Table lists the means and standard deviations for the
8 specific reach distances for both limbs of the groups.

Significant differences in reach distance were found among
the 8 directions when data from both limbs of both groups
were pooled (Fy9 = 90.8, P = .001) (Figure 4). Post hoc
testing revealed that reaches in the L direction were signifi-
cantly shorter than reaches in the other 7 directions, and reach-
es in the AL direction were significantly less than all other
directions except for L. Additionally, P and PM reaches were
significantly longer than reaches in the A, AM, and PL direc-
tions.
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Reach Distances in Each Direction*

Reach Direction

Chronic Ankle Instability Group

Control Group

Involved Limb

Uninvolved Limb

Involved Limb

Uninvolved Limb

Anterior 79.2 = 10.9 824 + 9.7 81.9 + 8.6 83.8 = 8.8

Anteromedial 80.8 = 9.0 85.4 = 8.9 83.0 = 8.6 85.3 = 9.9

Medial 83.4 = 9.7 86.7 = 9.8 86.3 = 10.7 84.8 = 10.1
Posteromedial 85.6 =+ 11.4 914 + 12.2 90.1 = 141 904 + 11.4
Posterior 85.7 = 10.5 89.1 + 124 87.1 = 14.8 90.1 = 14.1
Posterolateral 79.4 = 12,5 81.9 = 11.9 80.6 = 13.2 83.5 = 134
Lateral 64.1 = 11.4 71.7 = 13.1 67.8 = 145 71.8 = 145
Anterolateral 705 + 9.9 73.6 = 9.3 73.0 = 7.8 75.5 = 10.3

*Mean =+ standard deviation in cm; n = 20 in each group.
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Figure 4. The main effect for direction was significant (P < .05),
indicating significant differences among the various directions
when the data from both groups and both sides were pooled.
Reaches in the lateral direction were significantly shorter than
reaches in the other 7 directions (*), and reaches in the anterolat-
eral direction were significantly less than all directions except lat-
eral (#). Additionally, posterior and posteromedial reaches were
significantly longer than reaches in the anterior, anteromedial, and
posterolateral directions (*). A indicates anterior; AM, anterome-
dial; M, medial; PM, posteromedial; P, posterior; PL, posterolateral;
L, lateral; and AL, anterolateral.

DISCUSSION

The principa finding of our study was that subjects with
CA\I reached significantly less when standing on their injured
limb compared with their uninjured limb and when compared
with uninjured subjects. While previous investigators3l—32
have estimated the reliability of the SEBTSs, we focused on the
ability of these tests to detect impairments in lower extremity
reach in subjects with CAl. The SEBTSs appear to be sensitive
in detecting reach deficits both between and within athletes
with unilateral CAl. While the SEBTSs appear to have the sen-
sSitivity to detect reach deficits in subjects with CAl, their va-
lidity has yet to be clearly established. Thisis a difficult chal-
lenge, as no dynamic functional test is considered a gold
standard for validation of the SEBTs. Evidence supporting the
use of specific functional tests in discriminating between in-
dividuals with and without CAl is lacking. Previous research-
ers3334 have investigated various hopping tasks but were un-
able to identify performance deficits between subjects with and
without CAL. It is our belief that the SEBTSs are the first non-

instrumented, functional tests that have been shown to be both
highly reliable and sensitive to deficits between subjects with
and without CAI.

Assessment of postural control during quiet standing in sub-
jectswith a history of ankle sprain has been frequently reported,
but the methods used have been inconsistent. Therefore, gen-
eralizations about previoudy reported findings must be made
with caution. Some researchers have used objective assessment
(derivatives of center-of-pressure measures), while others have
used subjective assessment (subject and examiner ratings of ap-
parent stability). Some3>-37 have reported no side-to-side dif-
ferences among ankle-injured subjects; others®16:18:38.39 hayve
identified such differences. Differences between groups of an-
kle-injured and uninjured subjects were reported in 2 stud-
ies, 1536 but other studies®>37 showed no group differences. It
may be that static assessment of postural control does not pro-
vide sufficient challenge to consistently detect functional deficits
in subjects after LAS.2! Ross et d4%42 have presented prelim-
inary results of dynamic postural-control deficits in those with
CAI by measuring time to stabilization after jump landings on
a single limb. While these methods hold promise as a means to
quantify functional performance deficits in athletes with CAl,
more research in this area is needed.

Dynamic assessment, such as time-to-stabilization measures
or the SEBTs, may be better than static postural-control as-
sessment to determine functional deficits in those with CAI.
The differences between static postural-control tests and the
SEBTs must be considered. Static postural control isthe ability
to remain as till as possible while maintaining one's balance
over a stable base of support. Static postural impairment with
CAl is thought to be caused by impaired proprioception and
neuromuscular control.216.17 When ligaments are torn, artic-
ular receptors may be damaged and contribute to the observed
postura deficits.21227 Maintenance of balance during dynamic
movements, such as those involved in performing the SEBTS,
involves the ability to keep the center of gravity over the stable
base of support without losing one’s balance.?> Dynamic pos-
tural stability has been defined as the extent to which a person
can lean or reach without moving the feet and still maintain
balance.*® We believe that performance of the SEBTs chal-
lenges the subject’s limits of stability as he or she maximally
reaches and is, thus, at least somewhat indicative of dynamic
postural stability. Although dynamic postural impairment may
be influenced by impaired proprioception and neuromuscular
control, other factors may contribute to this condition, includ-
ing strength and range of motion.

First, strength demands are most likely greater when per-
forming dynamic tasks compared with static tasks. Closed ki-
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netic chain motion at the ankle, knee, and hip must be ade-
quately controlled by the lower extremity musculature in order
to execute the SEBTs. Conversely, maintaining single-leg
stance while standing on a stable platform places relatively
small strength demands on the lower extremity musculature.
Second, range-of-motion requirements are greater when per-
forming dynamic tasks such as the SEBTs compared with quiet
standing tasks. Maintaining single-leg stance while performing
maximum reach with the opposite leg requires the stance leg
to have sufficient ankle, knee, and hip motion. After LAS,
joint injury resulting in decreased motion in the subtalar or
talocrural joint may affect performance on the SEBTs. Finally,
subject apprehension may be the most critical performance-
inhibiting factor. After LAS, subjects may be more hesitant to
perform a dynamic task that requires them to challenge their
limits of stability. Several of our subjects with CAIl reported
feelings of apprehension when performing reaches while bal-
ancing on their injured limbs. In a balance task during quiet
standing, apprehension may be substantially less because a
subject’s limits of stability are rarely challenged.

Incorporation of the SEBTSs into the clinical assessment of
patients with CAl requires an understanding of issues related
to measurement reliability and learning effects. Kinzey and
Armstrong®! reported intrasession reliability estimates (intra-
class correlation coefficient [ICC] 2,1) between 0.67 and 0.87
for the SEBTs and recommended the performance of several
practice trials before recording baseline values because of the
motor learning associated with this novel task. As subjectsin
this study were not allowed to touch down with the foot at the
point of maximum reach, the examiner was forced to estimate
a point on the floor corresponding to maximum reach distance.
This may have influenced the ICC values. Hertel et al32 dight-
ly adjusted the procedures for these tests by allowing subjects
a very brief touch down with the reach foot at the point of
maximum reach. On a second day of testing, estimates of in-
tratester and intertester reliability (ICC 2,1) for the different
reach directions ranged from 0.82 to 0.96 and 0.81 to 0.93,
respectively. They suggested that at least 6 practice trials on
each limb be alowed before any baseline values are record-
ed_32

A secondary finding of our study was that reach distances
varied substantially across the different directions in both
limbs of the 2 groups. We chose to include reach direction in
our statistical model because we were interested in identifying
whether injured subjects reached significantly less than unin-
jured subjects in any of the specific directions. In fact, reach
differences in the different directions were consistent across
both limbs of the injured and uninjured groups. This suggests
that the 8 directions of the SEBTs may be best used as a
battery of tests to identify reach distances among groups.

A potential criticism of this study is that we chose not to
exclude subjects who had mechanical instability from our CAl
group. In the sports medicine literature, separating individuals
with CAl into categories of either mechanical instability or
functional instability is alongstanding tradition®9.24.3537; how-
ever, empirical evidence to support this somewhat arbitrary
dichotomy is lacking. An individual who possesses repetitive
bouts of ankle instability (giving way) has neuromuscular def-
icits (the principal criterion for functional instability) regard-
less of the presence or absence of pathologic laxity (the prin-
cipal criterion for mechanica instability). As the SEBTs are
an assessment of lower extremity reach and functional perfor-
mance, we chose not to assess subjects for mechanical insta-

bility. Because there is no satisfactory evidence to suggest why
subjects with mechanical instability would perform differently
than subjects without mechanical instability on tests such as
the SEBTS, we chose not to exclude subjects with mechanical
instability.

A second potential criticism of this study is the possible
role of subject height in influencing the reach distances of
subjects. Preliminary data suggest that height and leg length
are both statistically significant predictors of reach distances
on the SEBTs.#* While we did not normalize reach distances
to height or leg length in our study, we did match injured and
healthy subjects for height as closely as possible. Independent
t tests revealed no significant difference in height (P = .58)
or leg length (P = .28) between injured and uninjured sub-
jects.

CONCLUSIONS

The SEBTSs appear to be a promising means of identifying
functional deficits in subjects with CAl via measures of lower
extremity reach. Given the dynamic nature of this assessment
and the limited equipment needed, the SEBTs hold potential
as a cost-effective tool for assessing functional deficits in a
variety of lower extremity conditions. Future research should
examine the validity of the tests in different injured popula-
tions, such as those with anterior cruciate ligament deficiency
and patellofemoral pain syndrome. Also, comparing perfor-
mance of static postural-control tasks on a forceplate with per-
formance on the SEBTs would alow investigation of the cor-
relation between increased postural-control scores and
decreased reach distance. Thirdly, using the tests to determine
if lower extremity reach improves with rehabilitation would
be beneficial. Finally, assessing specific range-of-motion def-
icits with kinematic measures would provide insight into the
movement strategies and sources of impairment resulting in
decreased SEBTSs performance in specific populations.
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